CONVERSION FACTORS, ABBREVIATED WATER-QUALITY UNITS, AND ACRONYMS
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INTRODUCTION
Freshwater is a scarce and expensive commodity on St. Croix, U.S. Virgin Islands (USVI). To meet the demand for drinking water, all available sources of water are used including ground water, water collected in rooftop-rainfall catchments, and desalinated seawater.
Freshwater supply on St. Croix is provided to residents by the Virgin Islands Water and Power Authority (VIWAPA) from a combination of sources, primarily ground water and desalinated seawater. The high cost of desalination ($16.00 per one thousand gallons of water produced, 1991) has prompted VIWAPA to consider increasing their water supplies through additional groundwater development, primarily in the south-central part of the island. The extent to which ground-water resources in this area can be further developed will depend, in large part, on the hydrogeology of the area, about which relatively little is known. Recognizing the need for a better understanding of the hydrogeology of the area, the U.S. Geological Survey, in cooperation with VIWAPA, initiated a study of the ground-water resources of southcentral St. Croix in 1989. This study, which is described herein, focused on four areas where wells existed and some geologic, lithologic, and hydrologic data were available. These areas, the Adventure, Golden Grove. Faiiplains, and Barren Spot well fields ( fig. 1 ). were studied in detail but the knowledge of the hydrogeologic system in these areas was used to provide insight into the hydrogeology and ground-water resources throughout south-central St. Croix. This report summarizes the results of a study conducted between January 1989 and September 1992, to define the hydrogeology of selected lands in south-central St. Croix. The objectives of this study were to determine:
1. the occurrence and movement of ground water, 2. aquifer characteristics, and 3. ground-water quality in the area.
APPROACH
The objectives of this investigation were addressed primarily by analyses of data collected during test-hole drilling by VTWAPA. From April to August 1989, VIWAPA drilled 28 test holes (table 1) . Of these test holes, 10 were completed as observation wells, 15 were completed as municipal water wells, and 3 were backfilled and abandoned. Of the 10 observation wells completed, 5 were instrumented by the USGS with continuous water-level recorders. These water-level monitoring sites were in operation from March 1990 until September 1992 . Of the 15 municipal water wells completed, specific capacity tests to determine aquifer transmissivity were conducted on 4 wells and all wells were sampled for water-quality analysis. The test-hole drilling for this program was completed using the reverseair circulation drilling method with an open-center reverse-air drill bit (Graves, 1992) . Data used in this report include data from these test holes and wells and data from 13 VIWAPA wells completed prior to this investigation (table 2) . Two of the existing VIWAPA wells were instrumented with continuous water-level recorders during January 1989, and 11 of the existing wells were sampled for water-quality analysis.
The locations of all wells used in this study are shown in figure 1. Well numbers, names, and site identification numbers for these wells are given in table 2. The well numbers in table 2 apply only to this report. However, the site-identification numbers conform with the established USGS Ground-Water Site Inventory numbering system (Mathey, 1990) . The site-identification number does not change and can be used to reference a specific well in other USGS publications. Information regarding wellconstruction data and lithologic information for the 28 test-holes drilled by VIWAPA in 1989 is given in table 1.
DESCRIPTION OF THE AREA
South-central St. Croix has been characterized as undulating lowlands with rounded hills (Cederstrom, 1950) . Surface drainage out of the area is by way of Bethlehem and River Guts, two ephemeral streams that flow only in response to heavy rainfall ( fig. 1 ).
The mean annual air temperature recorded by the National Oceanic and Atmospheric Administration (NOAA) from 1982 to 1991 for St. Croix was 79.4 degrees Fahrenheit (U.S. Department of Commerce, 1982 Commerce, to 1991 (January 1989 to September 1992 ranged from less than 1 inch to more than 14 inches and differed substantially from the mean-monthly rainfall in some months ( fig. 3) . 0 -08 -108 -0 -06 -43 -0 -06 -43 -0 -06 -24 -107 -0 -08 -35 -0 -08 -43 -0 -07 -45 -0 -05 -13 -0 -05 -10 -08  108  127  06  43  100  06  43  60  06  24  107  110  08  35  100  08  43  100  07?  45  100  05?  13  100  05? 10 100 (Gerhard, Frost, and Curth, 1978) , and post-Kingshill Carbonates of Pliocene and younger age (Gill and Hubbard 1986) . Using this stratigraphic nomenclature the results of the test-hole drilling in south-central St. Croix revealed the following: ALLUVIAL DEPOSITS-sand and gravel with cobbles and boulders, locally with thin lenses of silt and clay. The alluvial deposits are localized and not laterally extensive.
A 5-to 8-foot thick topsoil overlies the alluvial deposits. The alluvial deposits range in thickness from 8 to 51 feet. Depth to the top of the alluvial deposits ranges from 5 to 8 feet below land surface. Depth to the bottom of the alluvial deposits ranges from 10 to 57 feet below land surface.
POST-KINGSHILL CARBONATES a shallow water carbonate deposit which is dominantly a benthic foraminiferal packstone, with significant quantities of reef and skeletal clasts (Gill and Hubbard, 1986) . Locally, these deposits were interbedded with clay, crushed coarsegrained coral fragments, and conglomerates of washed out limestone boulders and volcanic gravel, cobbles, and boulders. The top of the post-Kingshill Carbonates was near land surface and this unit commonly was overlain by only a 1-to 3-foot thick topsoil. Deposits of the postKingshill Carbonates were localized and were penetrated only in test holes drilled in the Barren Spot well field ( fig.  1, table 1 ). Test-hole drilling indicated that the depth to the bottom of these deposits exceeded 120 feet below land surface, at some sites.
Geology
KINGSHILL LIMESTONE-a deep-water carbonate deposit of relatively soft, white to buff marl, which is locally fractured (Gill and Hubbard, 1986 ) with iron and manganese oxide stains common in the fracture zones. The Kingshill Limestone generally was overlain by a 5-to 8-foot thick layer of topsoil or alluvium. Where the bottom of the Kingshill Limestone was penetrated by test holes, this unit had a thickness that ranged from 68 to 100 feet. Depth to the top of the Kingshill Limestone ranged from 5 to 57 feet below land surface. Depth to the bottom of the Kingshill Limestone ranged from 107 to more than 120 feet below land surface.
JEALOUSY FORMATION-a deep-water deposit of bluish-gray clay which contains a rich planktonic foraminiferal assemblage (Gill and Hubbard, 1986) . The Jealousy Formation underlies the Kingshill Limestone. The top of the Jealousy Formation was from 85 to 108 feet below land surface in the test holes drilled during this study. However, data from other wells in the area indicate that the depth to the top of the Jealousy Formation exceeds 120 feet below land surface in places. The thickness of the Jealousy Formation has been estimated to exceed 1,400 feet (Gill and Hubbard, 1986 ).
GROUND-WATER HYDROLOGY
Fresh ground water is not plentiful in St. Croix, but it exists in sufficient quantities in some areas to be a source of water for public supply. Most of the fresh ground water exists at relatively shallow depths in unconsolidated surficial deposits or in relatively shallow limestone deposits.
Ground Water Occurrence and Movement
Ground water occurs under water-table conditions in the alluvial, post-Kingshill Carbonates, and Kingshill Limestone deposits. Where the alluvial deposits are saturated, they are considered to be hydraulically connected to the post-Kingshill Carbonates and Kingshill Limestone deposits and thus these thin units are considered a single hydrologic unit. The top of the Jealousy Formation, which underlies all of south-central St. Croix, is considered to be the bottom of this hydrologic unit. 
Hydraulic Characteristics of the Aquifer
The ground-water development potential of an aquifer is dependent upon hydraulic characteristics of transmissivity and storage coefficient. Transmissivity is a measure of the ability of the aquifer to transmit water and is defined as the product of the hydraulic conductivity and the aquifer thickness. The storage coefficient is the volume of water an aquifer releases from or takes into storage per unit surface area of the aquifer per unit change in head.
During this study, aquifer transmissivities in southcentral St. Croix were estimated to range from 180 to 3,300 feet squared per day. Transmissivity values for wells located in the Adventure well field were determined from four specific capacity tests. The specific capacity values determined from these tests ranged from 1 to 14 gallons per minute per foot of drawdown (table 3) . The specific capacity values were converted to transmissivity using a method described by Meyer (1963) , that relates well diameter, specific capacity, and the aquifer storage coefficient to aquifer transmissivity. Aquifer storage coefficients were not determined from field tests for this report, but rather are assumed to be typical water-table storage coefficients, which range from 0.1 to 0.3 (Lohman, 1979) . The specific capacity/aquifer transmissivity relation developed by Meyer (1963) assumes a water-table storage coefficient of 0.1.
The variation in aquifer transmissivity values in the Adventure well field can be explained by the presence or absence of intersecting fracture zones within the Kingshill Limestone. Where the density of fracture zones increase, the aquifer transmissivity will increase.
Field tests to determine specific capacity were conducted only in the Adventure well field. However, well yield was estimated for all 28 test holes drilled in 1989 (table 1) . The test to estimate well yield was completed by forcing, at a constant rate, compressed air through the drill pipe and measuring continuous flow out of the test hole. Results of this testing indicated somewhat higher potential aquifer yields in the Barren Spot well field, where yields of 35 to 80 gallons per minute were measured, than in the other well fields. Yields of less than 5 to 60 gallons per minute and less than 5 to 80 gallons per minute were measured in the Adventure and Golden Grove well fields, respectively. No wells were drilled or specific capacity tests conducted in the Fairplains well field for this study. However, Torres-Gonzalez (1991) indicated that aquifer transmissivity in the Fairplains area ranged from 3,000 to 4,000 feet squared per day.
The relatively wide range of yields in the study area probably is due to the nonhomogeneity of the aquifer material. High yields in the Post Kingshill are due to the primary depositional porosity of the shallow-water limestone deposits and interlayered conglomerates and Table 3 . Estimated transmissivity from specific capacity for selected wells at the Adventure well field, St. Croix, U.S. Virgin Islands (Estimates based on method described by Meyer, 1963) Ground-Water Hydrologyvolcanics, as well as to subsequent diagenetic changes within the limestone. Generally, where the Post Kingshill is tapped by wells, the yields will be consistently high. In the Kingshill Limestone high yields are common only in areas where there is a high density of intersecting fracture zones. The range of yields in the alluvial deposits are limited by the thin (10-to 30-foot), saturated thickness of the deposits. In areas where the thickness of the saturated alluvial deposits is greater, the yields probably are greater.
WATER QUALITY
In order to describe the quality of ground water in south-central St. Croix, 33 samples were collected from 25 wells and analyzed for common cations and anions and trace metals (table 4) . Results of these analyses indicated that the ground water in the Golden Grove, Fairplains, and Barren Spot well fields was predominantly a sodiumchloride type water (Piper, 1953; figs. 8 and 9) . In the Adventure well field, the ground-water type was mixed; no one cation or anion exceeded 50 percent of the total milliequivalents of cations or anions.
In an island setting, ground water that is a sodium chloride type water commonly is considered to contain a mixture of freshwater and seawater (Gomez-Gomez, 1984) . The source of the seawater could be from the lateral migration of seawater from the ocean through the aquifer, from the upconing of saline water as a result of excessive pumping, or from the presence of connate seawater which has not been completely flushed out of the aquifer. To help identify the source of the sodium chloride in ground water in south-central St. Croix, ; ground-water samples were collected monthly from selected wells in each well field and analyzed for chloride concentration and specific conductance (tables 5, 6,7, and 8) . If the seasonal variations in the chloride concentrations are small, connate water is the most likely source of the sodium chloride; assuming that pumping at the well fields is relatively constant. If the variations are large, sodium chloride is most likely the source of upconing or lateral migration (intrusion) of seawater which changes with the seasonal water-level fluctuations in the aquifer, and the related movement of the saltwaterfreshwater interface.
In the Adventure and Golden Grove well fields, it is suspected that connate water is the source of saltwater, whereas in the Fairplains and Barren Spot well fields it is suspected that intrusion is the source of saltwater. In the Adventure and Golden Grove well fields, relatively small seasonal variations in chloride concentration indicate that connate water might be the principle source of the chloride. In the Adventure well field, the ranges of seasonal variation in chloride concentrations in samples collected from June 1990 to September 1992, from wells 6, 7, 16, 18, and 19 were 66, 292, 14, 22, and 14 milligrams per liter (mg/L), respectively (table 5). In the Golden Grove well field, the variations in chloride concentrations in samples collected from August 1990 to September 1992, from wells 1, 13, 15, 16, and 21 was 70, 80, 84, 68, and 56 mg/L,VesrJectively (table 6). With the exception of the significant change in chloride concentration in water from well 7 in the Adventure well field (292 mg/L), the relatively small seasonal variation in chloride concentrations and the relatively large waterlevel fluctuations of as much as 20 feet in the two well fields indicate that connate ground water probably is the predominant source of the sodium chloride. The seasonal variation in chloride concentration of 292 mg/L in well 7 of the Adventure well field might indicate possible upconing of saltwater into the Adventure well field at that site.
In the Fairplains and Barren Spot well fields the greater seasonal variations in chloride concentrations indicate that seawater intrusion into the aquifer might be the principal source of the chloride. In the Fairplains well field, the variation in chloride concentrations in samples collected from June 1991 to September 1992, from wells 7 and 8 were 290 and 710 mg/L, respectively (table 7). In the Barren Spot well field, the variations in chloride concentrations in samples collected from August 1990 to September 1992, from wells 3A, 5,6,7, 25, 24,23, and 31 was 94, 220, 112, 94, 162, 250, 82 , and 164 mg/L, respectively (table 8). The greater seasonal variations in chloride concentrations, and relatively small seasonal water-level fluctuations (approximately 6 feet) indicates that seawater intrusion could be the principal source of chloride in water from wells in these two well fields. Chloride concentrations in ground-water samples collected during this study ranged from 67 to 4,400 mg/L (tables 4, 5, 6, 7, and 8) , and the dissolved solids concentrations ranged from 619 to 7,540 mg/L (table 4) . The chloride and dissolved solids concentrations in ground-water samples collected during this study exceeded the U.S. Environmental Protection Agency's (EPA) Secondary Maximum Contaminant Levels in drinking water of 250 mg/L chloride and 500 mg/L dissolved solids (U.S. Environmental Protection Agency, 1992) in about 76 and 100 percent, respectively, of the wells sampled. In terms of water supply acceptance, the recommended maximum level for chloride is based largely on taste, with the EPA recognizing that ground water having a chloride concentration as high as 500 mg/L is potable. For dissolved solids the EPA Secondary Maximum Contaminant Level is based on an increase in the mineral taste in the water and possible economic consequences, due to deterioration of plumbing and pipes, because of the high mineral content.
SUMMARY
The freshwater supply on St. Croix, U.S. Virgin Islands, is obtained from ground-water sources and desalinated seawater. Because of the high cost of desalinization, however, the Virgin Islands Water and Power Authority is considering the development of additional ground-water sources. A study of the hydrogeology of several areas in south-central St. Croixwhere some geologic and hydrologic data were availablewas conducted to obtain information that would be useful in the planning for any future development of ground water.
The subsurface geology of south-central St. Croix is characterized by alluvium and underlying carbonate rocks. Ground water occurs under water-table conditions in the alluvial deposits, the post-Kingshill Carbonates and the Kingshill Limestone. Depth to the top of the watertable aquifer ranges from 5 to 68 feet below land surface. The top of the Jealousy Formation is considered to be the bottom of the water-table aquifers in south-central St.
Croix. The top of the Jealousy Formation at the four well fields ranged from 85 to more than 120 feet below land surface. Well yields in the study areas ranged from less than 5 gallons per minute to 80 gallons per minute. Aquifer specific capacity at four wells in the Adventure well field ranged from 1 to 14 gallons per minute per foot of drawdown. Using Meyers model that relates specific capacity to aquifer transmissivity, aquifer transmissivities were estimated to range from 180 to 3,300 feet squared per day. The wide range of transmissivity values in the Adventure well field probably is due to the presence or absence of intersecting fracture zones within the Kingshill Limestone. Where the density of fracture zones is high, the aquifer transmissivity is large.
The wide range of yields in the study area (less than 5 to 80 gallons per minute) is due to the nonhomogeneity of the aquifer material. The relatively high yields in the post-Kingshill Carbonates are due to the primary depositional porosity of the shallow-water limestone deposits and interlayered conglomerates and volcanics, as well as to subsequent diagenetic changes within the limestone. Generally, where the post-Kingshill Carbonates is tapped by wells, the yields are in the range of 35 to 80 gallons per minute. In the Kingshill Limestone, well yields range from 5 to 60 gallons per minute, the higher yields are primarily limited to those areas where there is a high density of intersecting fracture zones. The yields in the alluvial deposits are unknown, however, the yields will be limited by the thin, 10-to 30-foot, saturated thickness of the deposits.
Ground water in south-central St. Croix is of the sodium-chloride type. Ground-water samples collected from selected wells had chloride concentrations ranging from 67 to 4,400 milligrams per liter, and dissolved solids concentrations ranging from 619 to 7,540 milligrams per liter. Connate water probably is the source of sodium chloride in the Adventure and Golden Grove well fields. In the Fairplains and Barren Spot well fields, the greater seasonal variations in chloride concentration indicate that the sodium chloride in the ground water at these sites could be due to saltwater intrusion.
